The influence of physicochemical parameters on the efficacy of non-viral DNA transfection complexes: a comparative study.
Various polycationic vehicles have been developed to facilitate the transfer of foreign DNA into mammalian cells. Structure-activity studies suggested that biophysical properties, such as size, charge, and morphology of the resulting DNA complexes determine transfection efficiency within one class of vector. To investigate the general validity of these criteria, we studied the efficacy of a variety of DNA delivery vehicles including liposomes (DOTAP, SAINT2) with and without helper lipid (DOPE), the polymer polyethyleneimine (PEI), and cationic nanoparticles (Si26H, PLGA/chitosan) in a comparative manner. Sizes of the DNA complexes varied between 100 and 500 nm for PEI polyplexes and DOTAP/DOPE lipoplexes, respectively. The zeta potential was positive for PEI, Si26H, and DOTAP based complexes, while it was neutral for SAINT2-DNA complexes and negative for PLGA/chitosan-DNA complexes. The latter finding was elucidated by AFM, showing a layer of DNA adsorbed onto the nanoparticles. Transfection activity was negligible for PLGA/chitosan nanospheres, moderate for Si26H nanospheres and high for all other complexes, PEI being the most active carrier. The liposomal preparations were of low (DOTAP) or moderate (SAINT2) stability in serum, resulting in a pronounced reduction of gene expression, which was partially restored by the addition of chloroquine. In conclusion, transfection efficiency (i) seems to require a positive or neutral zeta potential, (ii) is depending on size, e.g., is higher for smaller particles, and (iii) requires a vector that is stable in serum.